As more science courses in higher education are being redesigned to move online, there is growing interest in effectively handling required practical components such as teaching laboratories and field work. Athabasca University (AU) is an open university and has been delivering science laboratories at a distance for over four decades. This paper reviews the various methods employed at AU to provide high quality laboratory experiences to students in science courses using a variety of delivery modes such as face-to-face, homestudy kits, virtual simulations, mobile devices for fieldwork/clinic, and remote controlled laboratories. Although the selection of an individual delivery mode is driven by both practicality and need to create an effective learning environment, the author also encourages experimentation with blending of modes to potentially enhance learning in the laboratory. Major emerging trends such as new technologies, access to ubiquitous information, and a move to open learning will certainly shape future innovations in laboratory design for online courses. So while currently still on the horizon, novel components like open educational resources (OER), learning analytics, citizen science, and connection to dispersed knowledge networks are imminent for the laboratory of the twenty-first century.
move to online courses has given renewed urgency to also provide the learner with corresponding accessible laboratories (Downing and Holtz, 2008; Jeschofnig and Jeschofnig, 2011; Kennepohl, 2016) . It is interesting to note that the surge in demand for these laboratories is not coming so much from the open and distance institutions, but from the traditional campus-based institutions who now wish to also offer students distance, online and blended options of study for their students.
TYPES OF LABORATORY MODES AT ATHABASCA UNIVERSITY

Face-to-Face
Despite a growing body of literature showing that alternative laboratory modes are essentially equivalent and in a few cases better than face-to-face with respect to achieving stated learning outcomes (Doulgeri and Matiakis, 2006; Fiore and Ratti, 2007; Lindsay and Good, 2005; Corter et al, 2011; Smetana and Bell, 2012) , AU continues to employ this mode primarily for logistical and safety reasons on an as-needed basis. In some cases, there is a requirement for direct learner interaction with chemicals, equipment, and specimens/samples, or for student supervision. It is still a bona fide mode of delivery that should not be abandoned, but used intentionally rather than by default.
Home-Study Kits
The idea for AU home-study laboratory kits evolved from having students do practical exercises in their home environment for AU science courses. This could be doing a series of kitchen chemistry experiments (done with commonly available household items and ingredients), classifying plants in the home, garden or nearby park for botany/ecology, or keeping a personal food diary for a nutrition course. Eventually kits were built and sent out for courses which normally had face-to-face laboratories. This has included rock and mineral kits for introductory geology; geological maps, compass, and three-dimensional graphical calculator for structural geology; sphygmomanometer, stethoscope, spirometer, lung volume bag, simulated bloods and urine for Human Physiology (BIOL 230); and chromatography paper, dialyses tubes, enzymes, corn seeds, pH paper, etc. for basic introductory biology home kits. However, the more sophisticated and popular laboratory kits have been those for introductory physics and chemistry. The chemistry kit ( Fig. 1 ) is self-contained and comes with the needed chemicals, microscaled equipment (including electronic scale and mini spectrophotometer) and a video guide that is also available online. The physics kits (such as in Fig. 2 ) was originally based on a graphing calculator included in the kit, which can be attached to sensors to track and record various physical phenomena, produce graphs, and perform analysis (Al-Shamali and Connors, 2010) .
(BIOL 480) or Introduction to Astronomy and Astrophysics (ASTR 210) students do complete their entire practical work using computer simulations. However, in many other courses like Human Physiology (BIOL 230) or Introductory Microbiology (BIOL 325) or the previous version of Chemical Principles II (CHEM 218) course there is a blend of simulation, online activities and hands-on work. In the chemistry course half the laboratories were at one time effectively replaced by experiments using interactive digitized video (Kennepohl, 2001 ). In the microbiology course there is an extensive series of online interactive learning activities with the Learning Taxonomy Tree and Clinical Case Studies (http://ocw.lms.athabascau.ca/mod/resource/view.php?id=319) followed by attendance at supervised face-to-face laboratories. For human physiology, the learners carry out simulated experiments (NelsonBrain.com), but then also physically do homestudy experiments with a kit as previously mentioned.
In certain cases virtual resources just supplement the course rather than act as a complete stand-alone laboratory. For example, geography students can interact with a wide range of software (http://science.athabascau.ca/Labs/resources/geography.php) to assist them in their courses, while botany students can access the digital herbarium (http://digiport. 
Fieldwork and Clinics
While this technology is just being introduced to fieldwork in some science disciplines to enhance situated learning, it has been an integral part of clinical work for some time now.
Indeed, nurses have been early adopters of mobile devices for information support (e.g. to access laboratory results, drug interactions, prescription schedules, patient data) and communications while on the move. Because mobile devices have become ubiquitous and a professional expectation, their integration into the training and education of nurses was natural. Moreover, nurse educators employ mobile devices to manage student assignments, form checklists for tasks, and access learning analytics like tracking current student progress. In some programs, like nurse practitioner, the use of mobile devices has become a mandatory requirement (Lamarche and Park, 2012).
Remote Laboratories
Remote laboratory access is more than just simulations found in the virtual experience. It allows the learner to physically carry out real experiments online to obtain real results using real substances and make real conclusions, just as they would if they were in the laboratory with the equipment. While remote laboratories have been used in a few courses, they are primarily exploratory and experimental in nature. A remote introductory mechanics laboratory in physics was developed to allow students to control, operate, and observe a custom-built piece of equipment to pick up and drop a steel ball (Connors et al., 2011) . Each run would give raw data for the time to fall, valid at the microsecond level, to allow calculation for the value of the acceleration due to gravity.
In chemistry the approach was to employ sophisticated analytical instruments already controlled by computer and then make them accessible via a browser through the Internet (Kennepohl et al., 2004) . While remote access was easy to establish, the challenge was to teach students both the chemistry and how to operate effectively in a remote environment.
An early study had general first-year chemistry students remotely access an ultravioletvisible spectrophotometer to measure sample concentrations. The students noted that learning the instrument interface, whether on site or remotely, was too much to ask for an experiment in a general first-year chemistry course where only a handful of measurements would need to be made. Since then the focus has been on more senior students, but providing a seamless pedagogical front-end to instrument access is still a challenge.
Organic chemistry students can carry out a dehydration reaction of an alcohol that generates a mixture of several products that can be separated and analyzed by gas chromatography (GC). Students do the synthesis in a supervised laboratory and leave their samples, which are loaded onto an autosampler of the GC instrument to be remotely selected and examined later at their leisure. Together with collaborative research partners we have explored access to a variety of different analytical instruments and have found in general that the remote experience is equivalent to the in-lab experience (Meintzer et al., 2017) . It is interesting to note that one of the most valued components reported by students has been the real-time video image of the instrument as they are controlling it, as seen in Fig. 3 . It makes the experiment more 'real' for them.
